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© Built-up stepping motor. 

® A built-up stepping motor (M) includes upper 
and lower housings (11, 12) each having an internal 
space and joined together with a support plate (18) 
disposed therebetween. The lower housing retains 
therein a stator (A, B) and a rotor (19) disposed in 
the stator, while the upper housing holds therein a 
reduction gear (20) for reducing the output speed of 
the motor. The output end of a rotor shaft (19b) 
extends through the support plate and meshes with 
a first gear (22) of the reduction gear. The upper and 
lower housings are assembled together by interlock- 
ing engagement between locking projections (I2f) 
and mating holes (11f). A shock-absorbing damper 
(24) is disposed between two stator cores (A, B) to 
protect them against chattering. 
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BUILT-UP STEPPING MOTOR 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention: 

The present invention relates generally to step- 
ping motors for use in business machines such as 
printers and automotive electric equipment, and 
more particularly to a permanent-magnet, built-up 
stepping motor. 



2. Description of the Prior Art: 

In the manufacture of gearmotors, a motor unit 
and a reduction gear must be assembled neatly 
without mismatches between the reduction gear 
and bearings by which a rotor is supported. An 
example of such gearmotors disclosed in Japanese 
Utility Model Publication No. 63-5419 has a built-up 
construction composed of various component parts 
assembled successively one above another in a 
deep case or housing. 

Japanese Utility Model Laid-open Publication 
No. 62-7761 exemplifies a geared stepping motor 
composed of a stepping motor unit and a reduction 
gear having a train of gears disposed between two 
opposed support plates. The stepping motor unit 
and the reduction gear are assembled as separate 
units and subsequently they are assembled to- 
gether. 

The gearmotor disclosed in Japanese Utility 
Model Publication No. 63-5419 includes a rotor 
shaft formed integrally with the deep housing and 
disposed co-axially in the housing. A stator bobbin 
having stator windings, a rotor with a pinion, and a 
reduction gear are stacked in succession about the 
rotor shaft. Since ail the component parts are dis- 
posed in the deep housing from the above, ma- 
nipulation of these component parts involves var- 
ious limitations which will make it difficult to auto- 
mate the assembling operation. Furthermore, the 
integral formation of the rotor shaft and the housing 
requires a precision working which per se involves 
various difficulties. With this integral rotor shaft, an 
error-free mass production of the geared stepping 
motor is practically impossible. Additionally, the 
rotor journaled on the rotor shaft must be hollow in 
shape and fitted accurately with the rotor shaft. 
This arrangement needs an increased number of 
manufacturing processes. 

The geared stepping motor disclosed in the 
Japanese Utility Model Laid-open Publication no 
62-7761 has a construction other than the built-up 



construction and hence is not suited for automated 
assembling on a transfer machine. Since the 
geared stepping motor has a relatively large num- 
ber of component parts and needs a deep housing, 

5 building up of the component parts in a stacked 
condition is difficult to achieve. 

The conventional stepping motors include a 
stator and a rotor assembled in a housing, with the 
rotor supported by bearings mounted on the hous- 

70 ing. As disclosed in Japanese Utility Model Laid- 
open Publication No. 62-14950, the bearings may 
comprise oil-impregnated bearings, oilless bear- 
ings, oilless metals, ball bearings, etc. 

Partly because the bearings are provided on 

is the stepping motor unit, and partly because the 
stepping motor unit and the reduction gear are 
formed as separate units before they are assem- 
bled together, the overall size of the assembled 
geared stepping motor is considerably large, ac- 

20 cordingly. 

In the conventional stepping motors, a stator 
and a rotor disposed in a housing are assembled in 
the built-up construction by means of screw fasten- 
ers. With this screwed assembly, the stator cores 

26 are prevented from interfering with each other. To 
achieve an automated assembling, stator cores 
having the so-called "claw-pole" construction are 
assembled layerwise without using screw fasteners. 
Upon energization of a stator coil, the assembled 

30 stator cores tend to oscillate in resonance with the 
excited stator coil, thereby generating unpleasant 
noises. 

Furthermore, the conventional stepping motors 
have terminals provided on ends of a stator coil 

35 wound on and around a coil bobbin. After winding, 
the stator coil is bound with a bind tape or a 
synthetic resin against loosening and subsequently 
is connected with terminals for connection with an 
external connector. The terminals are pulled to the 

40 outside of the motor. The foregoing construction 
has a drawback that the stator coil is likely to be 
damaged or broken when it is pulled to connect the 
terminals to the external connector. The terminals 
may be integrally molded with the bobbin. In this 

46 instance however, the stator coil is still subjected to 
pulling forces when the terminals are connected 
with or released from the external connector. Fur- 
thermore, the integral formation of the terminals 
and the bobbin lowers the mechanical strength of 

so the bobbin and makes it difficult to assemble the 
built-up stepping motor. 



SUMMARY OF THE INVENTION 
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The invention has for its object to provide a 
stepping motor having a reduction gear which is 
suited for an automated assembling of the stepping 
motor and is contributable to the reduction of the 
overail motor size. 

Another object of the invention is to provide a 
stepping motor having a reduction gear which is 
small in size and disposed in one housing of the 
stepping motor for facilitating building up of the 
stepping motor. 

A further object of the invention is to provide a 
geared stepping motor including a rotor composed 
of a rotor body and a rotor shaft which are united in 
an integral formation for facilitating assembling of 
the stepping motor. 

A still another object of the invention is to 
provide a stepping motor with a reduction gear, 
which is capable of forming a single unit when it is 
assembled with various apparatus having a mecha- 
nism to be driven by the stepping motor. 

A further object of the present invention is to 
provide a stepping motor with a reduction gear, 
which has a relatively small number of component 
parts and hence can be assembled with utmost 
ease. 

Another object of the present invention is to 
provide a built-up stepping motor having structural 
features which are suited for automated assembling 
and capable of preventing stacked upper and lower 
stator cores from chattering. 

A still another object of the present invention is 
to provide a built-up stepping motor having an 
improved mount for terminals which protects a coil 
from damaging or breaking down even when the 
coil Is subjected to pulling forces during attachment 
and detachment of the terminals relative to external 
connectors. 

A further object of the present invention is to 
provide a built-up stepping motor having a terminal 
mounting structure suited for automated assem- 
bling of the stepping motor. 

More specifically, a first aspect of the invention 
provides a built-up geared stepping motor, com- 
prising: an upper housing having a first internal 
space; a lower housing having a second internal 
space; a support plate disposed between the upper 
and lower housings; an annular stator disposed in 
the second internal space and held between the 
lower housing and the support plate; a rotor re- 
ceived in the annular stator and rotatably supported 
by the supported by the lower housing and the 
support plate, the rotor including a rotor shaft and a 
rotor body integral with the rotor shaft: a reduction 
gear disposed in the first internal space and held 
between the support plate and the upper housing, 
the reduction gear including a train of gears which 
lowers the output speed of the rotor shaft; the 
lower housing having on its bottom a first bearing 



rotatably supporting an end of the rotor shaft; and 
the support plate having a plurality of support 
shafts rotatably supporting thereon the respective 
gears of the reduction gear, and a second bearing 
5 hole rotatably supporting an output end of the rotor 
shaft. 

Since a casing of the stepping motor is com- 
posed of two housings separated by the support 
plate, the respective housings have a relatively 

10 small depth. The use of such shallow housings, the 
component parts can be placed vertically and lat- 
erally into the shallow housings. This makes it 
possible to automate assembling of the stepping 
motor. The shape and configuration of the housings 

75 can be changed in view of the shape and arrange- 
ment of the component parts to be received in the 
housings, as well as the shape and arrangement of 
a device to which the stepping motor is assembled. 
Since the rotor shaft and the rotor body are in- 

20 tegral, the rotor is replaceable with a rotor of the 
conventional stepping motor. 

The rotor is supported by a first bearing 
formed in the lower housing and a second bearing 
formed in the support plate. It is therefore no 

25 longer necessary to provide separate bearings as 
in the conventional stepping motors. The bearing of 
the rotor and the support shafts of the gears of the 
reduction gear are integrally formed so that the 
number of component parts and the overall size of 

30 the stepping motor are considerably reduced. The 
support plate disposed between the reduction gear 
and the motor unit is contributable to the reduction 
of operation noise. Due to the provision of the 
upstanding support shafts on the support plate, the 

35 reduction gear can be assembled with utmost ease. 
Since the pinion is formed integrally with the output 
end of the rotor shaft, the overall size of the geared 
stepping motor is relatively small. 

A second aspect of the invention provides a 

40 built-up geared stepping motor, comprising: a lower 
housing formed of a synthetic resin and having an 
internal space, the lower housing further including a 
plurality of first locking projections disposed in the 
internal space, and a plurality of second locking 

45 projections disposed outside the internal space; an 
upper housing having a plurality of mounting holes 
fitted with the second locking projections, the sec- 
ond locking projections being thermally fused to 
join the upper and lower housings; a support plate 

so disposed between the upper and lower housings 
and having a plurality of first guide holes fitted with 
the second locking projections; an annular stator 
received in the internal space and held between 
the lower housing and the support plate, the stator 

55 being composed of a plurality of stator cores dis- 
posed one above another and each including a pair 
of stator core members and a coil disposed be- 
tween the stator core members, each the stator 
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core member having a plurality of second guide 
holes fitted with the first locking projections of the 
lower housing and a plurality of third guide holes, 
the coil having on its opposite surfaces a plurality 
of third locking projections fitted with the third 
guide holes of the stator core members; a rotor 
rotatably received in the annular stator; a reduction 
gear disposed between the upper housing and the 
support plate and including a first gear and a 
second gear held in meshing with the first gear; 
and one of the pair of stator core members, the coil 
and the other of the pair of stator core member 
being stacked in the lower housing in the order 
named to form one of the plural stator cores of the 
stator, each the stator core, the rotor, the support 
plate and the upper housing being assembled in a 
stacked condition in the order named. 

With this construction, the stator core members 
and the coil can be assembled easily and ac- 
curately because both stator core members are 
positioned relative to the coil and not relative to 
each other. Since the locking projections on the 
lower housing are fitted with guide holes in the 
support plate and mounting holes in the . upper 
housing, the upper and lower housings and the 
support plate can be assembled simultaneously by 
a single operation. In this instance, fastening be- 
tween the respective component parts retained be- 
tween the upper and lower housings is no longer 
necessary because they are retained in a stacked 
condition by engagement of the locking projections 
and the guide holes. The upper and lower housings 
are united together by thermal welding or fusing 
without using screw fastener. Such mode of bond- 
age is well suited for an automated assembling. 

A third aspect of the invention provides a built- 
up stepping motor, comprising: an upper housing; 
a lower housing constituting a casing jointly with 
the upper housing; a support plate held between 
the upper and lower housings; an upper stator core 
disposed between the support plate and the lower 
housing; a lower stator core disposed between the 
support plate and the lower housing and laminated 
with the upper stator core, the lower stator core 
and the upper stator core being out of phase by a 
predetermined angle; each of the upper and lower 
stator core including a socket-like female stator 
core member having a plurality of first guide holes 
and a plurality of first claw-like poles; a plug-like 
male stator core member having a plurality of sec- 
ond guide holes and a plurality of second claw-like 
poles; and a coil having a bobbin, the bobbin 
having a plurality of first locking projections dis- 
posed on one of its opposite ends of the bobbin 
and fitted with the first guide holes in the female 
stator core member, and a second locking projec- 
tion disposed on the opposite end and fitted with 
one of the second guide holes of the male stator 



core member, second locking projection having a 
height larger than the thickness of the material of 
the male stator core member, the first claw-like 
poles and the second flaw-like poles being out of 

5 phase by a predetermined angle; a damper dis- 
posed between the upper and lower stator cores; 
and the upper and lower stator cores being assem- 
bled back-to-back, with their respective male stator 
core members held in confrontation to one another. 

70 The damper disposed between two stator 
cores prevents the stator cores from chattering 
which would otherwise be caused by resonance 
oscillation between the cores and the excited coil. 
The corrugated damper provides enhanced shock- 

15 absorbing property which leads to a further reduc- 
tion of noise level. Owing to interlocking engage- 
ment of the guide holes of the damper and the 
locking projections on the stator core, the damper 
can be assembled with accuracy. 

20 A fourth aspect of the invention provides a 
built-up stepping motor, comprising: an upper 
housing; a lower housing; a stator disposed be- 
tween the upper and lower housings and having a 
plurality of terminals, each the terminals including 

25 an inner portion disposed inside the lower housing, 
an outer portion projecting from the lower housing 
and an intermediate portion joining the inner and 
outer portions, the inner portion having a width 
larger than that of the outer portion; a rotor dis- 

30 posed between the upper and lower housings; and 
the lower housing having a plurality of grooves 
receiving therein the intermediate portions, the 
grooves having a shape complementary in contour 
to the shape of the intermediate portion. 

35 Partly because the inner portion of the terminal 

which is wider than the outer portion, and partly 
because the shape of the intermediate portion 
which is complementary in contour to the shape of 
the groove, the terminal is locked in position 

40 against displacement even when it is pulled out- 
wardly. The interlocking engagement between the 
groove and the intermediate portion provides a 
positive guide when the stator with terminals moun- 
ted thereon is assembled. Since the height of the 

46 locking projection engageable with the cutout re- 
cess is at least twice as large as the thickness of 
the material of the stator core, the core can be held 
in an accurate position relative to the bobbin. 

A fifth aspect of the invention provides a built- 

so up stepping motor, comprising: an upper housing; 
a lower housing; a stator disposed between the 
upper and lower housings; a rotor disposed be- 
tween the upper and lower housings; the stator 
being composed of a pair of superposed stator 

55 cores each including a plug-like male stator core 
member having a plurality of first guide holes, a 
socket-like female stator core member and having 
a plurality of second guide holes, and a coll dis- 
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posed between the male and female stator core 
members, the male stator core member of one of 
the pair of stator cores and the male stator core 
member of the other of the pair of stator cores 
being disposed in back-to-back confrontation; and 5 
the coil including a bobbin, windings wound around 
the bobbin and a plurality of terminals electrically 
connected with the windings, the bobbin having 
opposite end flanges between which the windings 
are disposed, one of the end flanges having a 10 
mounting portion carrying thereon the terminals 
and a first locking projection fitted with one of the 
first guide holes in the male stator core member, 
the first locking projection having a height at least 
twice as large as the thickness of the material of 15 
the male stator core member, the opposite end 
flange having at least two second locking projec- 
tions fitted with two of the plural second guide 
holes, the second locking projections having a 
height smaller than the thickness of the material of 20 
the female stator core member. 

Since the height of the first locking projection 
is at least twice as large as the thickness of the 
material of the male stator core member, two such 
male stator core members are matched correctly. 25 
The height of the second locking projections are 
smaller than the thickness of the material of the 
female stator core member so that the second 
locking projections are completely received in the 
guide holes in the female stator core member 30 
without interference with related part. Since the 
height of the locking projection which is engagea- 
ble with the cutout recess of the male stator core 
member is at least twice as large as the thickness 
of the material of the stator core, the core member 35 
can be held in an accurate position relative to the 
bobbin. 

A sixth aspect of the invention provides built-up 
geared stepping motor, comprising: an upper hous- 
ing; a lower housing; a support plate held between 40 
the upper and lower housing; a stator disposed 
between the lower housing and the support plate; a 
rotor disposed between the lower housing and the 
support plate and including a rotor shaft and a rotor 
body integral with the rotor shaft; a reduction gear 45 
disposed between the upper housing and the sup- 
port plate and including a first gear and a second 
gear held in mesh with the first gear; and the upper 
housing having a pair of lateral locking projections 
disposed on opposite outer surfaces of the upper so 
housing for interlocking engagement with guide 
holes in an apparatus to which the stepping motor 
is to be assembled. 

With the lateral locking projections on the up- 
per housing, the stepping motor can be mounted 55 
on an apparatus with utmost ease. The gear while 
being driven by the pinion on the rotor is stabilized 
by the rib. The rib may be rounded in which 
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instance the contact area and hence friction resis- 
tance between the rib and the gear and hence a 
friction is considerably reduced with the result that 
the stepping motor is able to operate with minimum 
power loss. Since the bearing of the first gear is 
provided on the upper housing, a conventional sup- 
port plate is no longer necessary and hence the 
axial height of the reduction gear is substantially 
reduced. The stepping motor having such reduc- 
tion gear is small in size and light in weight. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description when mak- 
ing reference to the detailed description and the 
accompanying sheets of drawings in which a pre- 
ferred structural embodiment incorporating the 
principles of the present invention is shown by way 
of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is an exploded perspective view of a 
built-up geared stepping motor according to the 
present invention; 

FIG. 2 is a vertical cross-sectional view of the 
stepping motor; 

FIG. 3 is a bottom view of an upper housing of 
the stepping motor, showing the interior side of 
the upper housing; 

FIG. 4 is a cross-sectional view taken along line 
IV- IV of FIG. 1; 

FIG. 5 is a perspective view of the stepping 
motor as it is assembled with an odometer; 
FIG. 6 is a plan view of a lower housing of the 
stepping motor, showing the interior side of the 
lower housing; 

FIG. 7 is an enlarged plan view of a terminal; 
FIG. 8 is a plan view illustrative of one side of a 
bobbin on which terminals are supported; and 
FIG. 9 Is a plan view illustrative of the opposite 
side of the bobbin free of terminals. 

DETAILED DESCRIPTION OF THE INVENTION 



As shown in FIG. 1 and 2, a stepping motor M 
embodying the present invention generally com- 
prises two housings 11, 12, an annular stator com- 
posed of two stator cores A, B each comprising a 
pair of stator core members 14, 15, a support plate 
18, a rotor 19 composed of a rotor shaft and a rotor 
body integral with the rotor shaft, and a reduction 
gear 20 including a first gear 22 and a second gear 
21, all the component parts 14 - 22 being assem- 
bled with each other within an internal space de- 
fined jointly by and between the housings 11, 12. 
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The housing 1 1 which is disposed on the out- 
put side of the stepping motor and hereinafter 
referred to as "upper housing" has a circuiar hole 
11a through which the second gear 21 of the 
reduction gear 20 is partly exposed. As shown in 
FIGS. 3 and 4, the upper housing 11 has on its 
under surface an annular projection or rib 11b 
extending around the full circumference of the hole 
11a for guided engagement with a lower gear 21a 
of the second gear 21. A circular bearing recess 
11c is formed in the under surface of the upper 
housing 11 adjacent to the hole 11a for receiving 
therein an end of a support shaft 18b on which the 
first gear 22 is journaled. Also formed on the under 
surface of the upper housing 11 is a semicircular 
rib 11d extending concentrically around the bearing 
recess 11c for guided engagement with the first 
gear 22. The ribs 11b, 11d are rounded as shown 
in FIG. 2 and hence provide a low friction resis- 
tance while the gears 21, 22 is rotating. The upper 
housing 11 further has a pair of locking projections 
or wings 11e, 11e (FIGS. 1, 3 and 5) projecting 
laterally outwardly from opposite sidewalls for facili- 
tating installation of the stepper motor relative to an 
apparatus, as shown in F!G. 5. The locking wings 
11e, 11e have sloped guide edges 11h tapering 
toward one side of the upper housing 11. The 
sloped guide edges 1lh facilitates smooth engage- 
ment of the iocking wings 11e, 11e and corre- 
sponding retaining holes 41 , 41 formed in a frame 
40 of the apparatus (odometer in the illustrated 
embodiment) when they are snapped. The upper 
housing 11 further has four mounting holes 11f at 
predetermined positions adjacent to four corners 
thereof for attachment with the lower housing 12 
described later. The upper housing 11 is recessed 
as at 11g in the vicinity of each mounting holes 11f 
so as to permit an electrode of a thermal welding 
machine to access the mounting hole 11f when the 
upper and lower housings 11, 12 are joined by 
thermal welding. 

The housing 12 which is disposed on the side 
opposite to the output side of the stepping motor 
and hereinafter referred to as "lower housing" in- 
cludes a substantially cup-shaped body 12b for 
receiving therein a stator, and a rectangular flange 
12a extending perpendicularly from an open end of 
the cup-shaped body 12b. The body 12b has in its 
under surface a central circular bearing recess 12c 
formed for receiving therein one end of a rotor 
shaft, and a pair of guide projections 12d, 12d for 
positioning a stator core, the guide projections 1 2d 
being located closer to the side wall of the cup- 
shaped body 12b than to the central circular recess 
12c as shown in FIG. 6. The guide projections 12d 
are angularly displaced at an angle of 7.5 degrees 
from a plane Y - Y extending parallel to the axis of 
the cup-shaped body 12b. The housing body 12b 



has a recessed portion 12e located diametrically 
opposite to the flange 12a for receiving therein a 
terminal assembly. 

The recessed portion 12e has a plurality of 

s laterally spaced grooves 12g for receiving therein 
respective terminals 13 of the terminal assembly. 
As shown in FIG. 6, the grooves 12g have respec- 
tive inner ends whose width X1 is larger than the 
width X2 of the outside ends of the grooves 1 2g for 

10 a purpose described later. The lower housing 12 
further has four locking projections 12f on an upper 
surface thereof at positions corresponding to the 
positions of the respective mounting holes 1 1f of 
the upper housing 11. The locking projections 12f 

is are received in the corresponding ones of the 
mounting holes 11f and thermally welded to the 
material defining the mounting holes 11f, as de- 
scribed below. 

As shown in FIG. 7, each of the terminals 13 

20 has an elongated rectangular shape and is com- 
posed of a narrow outer portion 13a adapted to be 
withdrawn from the stepper motor, and a wide inner 
portion 13b disposed Inside the stepping motor. 
The outer and inner portions 13a, 13b of the termi- 

25 nal 13 are joined together by an intermediate por- 
tion 13c which has a configuration complementary 
in shape to the shape of the grooves 1 2g. 

The stator is composed of upper and outer 
stator cores A, B stacked together. The stator 

30 cores A, B have the so-called "claw-pole" con- 
struction and each comprise a socket-like female 
stator core member 14 and a plug-like male stator 
core member 15 which are assembled together 
with a stator coil 16 disposed therebetween. The 

35 socket-like female stator core member 14 is press- 
formed from a sheet metal and has a plurality (six 
in the illustrated embodiment) of upstanding claw- 
iike poles 14a (hereinafter referred to as "claw- 
pole") projecting from the bottom wall thereof and 

40 circumferentially spaced at equal angular intervals 
(at an angle of 60 degrees in the illustrated em- 
bodiment). The plug-like male stator core member 
15 is also pressed-formed from a sheet metal and 
has on its bottom wail a plurality of upstanding 

45 claw poles 15a corresponding in number to the 
number of the claw poles 14a of the female stator 
core member 14, the claw poles 15a being circum- 
ferentially spaced at equal angular intervals (at an 
angle of 60 degrees in the illustrated embodiment). 

so For assembling, the female stator core member 14 
is disposed on the outer side while the male stator 
core member 15 is disposed on the inner side. 

The female stator core member 14 further has 
a recess 14b formed in the side wall thereof for 

55 positioning the terminals 13. A pair of diametrically 
opposite first guide holes 14c and a pair of diamet- 
rically opposite second guide holes 14d are formed 
in the bottom wall of the female stator core mem- 



6 



11 



EP 0 412 569 A1 



12 



ber 14. Each of the first guide holes 14c and one of 
the second guide holes 14d is circumferentialiy 
spaced apart at an angle of 82.5 degrees, while the 
other second guide hole 14d is circumferentialiy 
spaced from this first guide hole 14c at an angle of 
97.5 degrees. The first and second guide holes 
14c, 14d have different diameters and in the illus- 
trated embodiment, the first guide holes 14c are 
larger in diameter than the second guide holes 
14d. The first guide holes 14c are in radial align- 
ment with two diametrically opposed claw poles 
14c and fitted over the guide projections 12d of the 
under housing 12. The second guide holes 14d are 
fitted over two locking projections provided on a 
bobbin, described later, of each stator coil 16. 

The plug-like male stator core member 15 has 
a pair of diametrically opposite guide holes 15b 
each disposed between two adjacent ones of the 
upstanding claw poles 15a but angularly displaced 
toward one of the two adjacent claw poles at an 
angle of 7.5 degrees. The male stator core mem- 
ber 15 further has two circumferentialiy spaced 
cutout recesses 15c along an outer peripheral edge 
thereof. Each of the cutout recesses 15c is spaced 
at an angle of 82.5 degrees from an adjacent one 
of the guide holes 15b. The cutout recesses 15c 
are corresponding in position to the position of the 
recessed portion 12e of the lower housing 12. The 
guide holes 15b are engageable with a locking 
projection on the coil bobbin, described later. The 
cutout recesses 15c are engageable with a locking 
projection on a mounting portion, described later, 
for the terminals 13. The claw poles 14a of the 
female stator core member 14 and the claw poles 
15a of the male stator core member 15 are 30 
degrees out-of-phase. 

The stator coil 16 is composed of a bobbin 17, 
conductors 16a and the terminals 13. The bobbin 
17 has opposite end flanges 17a, 17b between 
which conductors 16a are wound. The end flange 
17a is provided with the terminals 13 while the 
opposite end flange 1 7b is free of the terminals 1 3. 
Ends of the conductors are electrically connected 
with the terminals 13. The end flange 17a includes 
a substantially rectangular mounting portion 17c 
extending tangential ly and outwardly for supporting 
thereon the terminals 13. As shown in FIG. 8, the 
end flange 17a has a first locking projection 17d 
adjacent to an inner side wall of the mounting 
portion 17c and lockingly engageable with one of 
the cutout recesses 15c of the male stator core 
member 15. The locking projection 17d has a 
height at least twice as large as the thickness of 
the material of the male stator core member 15. 
The end flange 17a further has a second locking 
projection 17e (FIGS. 1 and 8) extending parallel to 
the axis of the bobbin 17 and lockingly engageable 
with one of the guide holes 1 5b of the male stator 



core member 15. The locking projection 17e has a 
height at least twice as large as the thickness of 
the material of the male stator core member 15. In 
the illustrated embodiment, the locking projection 

5 17e is disposed in alignment with the plane Y - Y 
(FiG. 6) and is situated on one side of the end 
flange 17a which corresponds in position to the 
position the upper half of the lower housing 12 as 
viewed in FIG. 6. 

10 The end flange 17b has a pair of diametrically 
opposite locking projections 17f lockingly engagea- 
ble with the guide holes 14d, respectively, of the 
female stator core member 14. The locking projec- 
tions 17f are displaced at an angle of 15 degrees 

75 relative to a longitudinal axis of the terminals 13. 
The height of the locking projections 17f is smaller 
than the thickness of the material of the female 
stator core member 14. 

The stator coil 16 thus constructed is held by 

20 and between the female and male stator core 
members 14, 15 to jointly constitute one of the 
upper and lower stator cores A, B. 

According to the illustrated embodiment, the 
upper and lower stator cores A, B are assembled 

25 layerwise with the respective male stator core 
members 15, 15 disposed in face-to-face confron- 
tation. In this instance, a damper 24 of a shock- 
absorbing material is disposed between these male 
stator core members 15, 15. The damper 24 com- 

30 prises a corrugated damper and has a pair of 
diametrically opposite guide holes 24a formed in 
alignment with the guide holes 15b of the male 
stator core members 15 and engageable with the 
locking projections 17e on the respective end 

35 flanges 17a of the bobbins 17 to hold the upper 
and lower stator cores A, B in position against 
displacement. The shock-absorbing damper 24 dis- 
posed between the male stator core members 15 
prevents the male stator core members 15 from 

40 chattering which would otherwise be caused by 
resonant oscillation of the male stator core mem- 
bers 15 in response to the vibration of the excited 
stator coils when the stators core members 14, 15 
and the coils 16 are assembled in stacked con- 

45 dition without using permanent fastening means 
such as molding or welding, in order to enable an 
automated assembling with a rotor comprised of a 
shaft and a body integrally formed with each other 
as in the case of the present invention. 

so The support plate 18 is disposed between the 
upper housing 11 and the lower housing 12. The 
support plate 16 is so contoured as to have the 
same configuration as the lower housing 12 and is 
formed from synthetic resin containing carbon. In 

55 the illustrated embodiment, the support plate 18 is 
made of a plastic material comprising 70% of poly- 
pheny lene sulfate and 30% of carbon. The support 
plate 1 8. serves both as a bearing for the rotor 1 9 
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and as a support for gears of the reduction gear 

20. As shown in FIG. 1, the support plate 18 has a 
circular bearing hole 18a for receiving therein the 
opposite end of the rotor shaft, a first upstanding 
support shaft 18b disposed adjacent to the bearing 
hole 18a for rotatably supporting thereon the first 
gear 22 of the reduction gear 20, and a circular 
boss 18c at the base of the first support shaft 18b 
for retaining thereon the first gear 22. A second 
support shaft 18d for rotatably supporting thereon 
the second gear 21 is disposed on the support 
plate 18 adjacent to the first support shaft 18b. The 
second support shaft 18d includes a circular boss 
18e at the base thereof for retaining thereon the 
second gear 21. The support plate 18 further has 
four guide holes 18f adjacent to its four corners. 
The guide holes 18f are formed in alignment with 
corresponding ones of the mounting holes 1 1f in 
the upper housing 1 1 and also with corresponding 
ones of the locking projections !2f on the lower 
housing 12. 

The rotor 19 includes a rotor body 19a formed 
of a plastic permanent magnet and a rotor shaft 
19b formed integrally with the rotor body 19a. The 
rotor shaft 19b has an output end on which is 
formed a drive gear composed of a pinion 19c as 
shown in FIGS. 1 and 2. The pinion 19c is placed 
in driving mesh with the first gear 22 of the reduc- 
tion gear 20. 

As described above, the reduction gear 20 is 
composed of the first gear 22 and the second gear 

21. Each of the gears 22, 21 is a composite gear 
having an upper gear and a lower gear united 
together in co-axial arrangement. The first gear 22 
is journaled on the first support shaft 18b of the 
support plate 18, with a lower gear 22a rotatably 
supported on the boss 18c of the first support shaft 
18b. The lower gear 22a is an internal gear, having 
on its inside peripheral edge a plurality of gear 
teeth. The number of teeth of the internal gear 22a 
is larger than the number of teeth of the pinion 19c 
of the rotor 19. The lower internal gear 22a is held 
in driven mesh with the pinion 19c. The upper gear 
22b is an external gear having teeth smaller in 
number than the number of teeth of the lower 
internal gear 22a (in the illustrated embodiment, the 
upper external gear 22b has a same number of 
teeth as the pinion 19c). The upper external gear 
22b is held in driving mesh with a lower gear 21a 
of the second gear 21 which is journaled on the 
second support shaft 18d on the support plate 18 
with the lower gear 21a rotatably supported on the 
boss 18e. The lower gear 21a is an external gear 
and has gear teeth larger in number than the gear 
teeth on an upper gear 21b of the second gear 21. 
The lower external gear 21a is disposed in the 
upper housing 11, while the upper gear 21b pro- 
jects from the upper housing 11 through the cir- 



cular hole 11a in the upper housing 11. 

The foregoing components parts are assem- 
bled together in the manner described below. In 
' brief, structural component parts of the lower stator 

5 core B are stacked successively one above another 
in the lower housing 12 and subsequently structural 
component parts of the upper stator core A are 
stacked successively one above another in the 
lower housing 12. Thereafter, the rotor 19, the 

10 support plate 18, the reduction gear 20 and the 
upper housing 11 are stacked in the order named. 
A sequence of the assembling operation will be 
described below in greater detail. 

After the lower housing 12 is supported in a 

is horizontal plane with its open end facing upward, 
the female stator core member 14 of the lower 
stator core B is placed into the housing 12 with its 
claw poles 14a directed upward. In this instance, 
the recess 14b of the female stator core member 

20 14 is aligned with the recessed portion 12e of the 
lower housing 12 and the first guide holes 14c of 
the female stator core member 14 are fitted over 
the locking projections 12d of the lower housing 12. 
Since the first guide holes 14c have a different 

25 diameter to the diameter of the second guide holes 
14d, assembling of the female stator core member 
14 and the lower housing 12 can be achieved 
smoothly and accurately without mismatching. 
Then, the coil 16 of the lower stator core B is 

30 placed on the female stator core member 14. In 
this instance, the respective terminals 13 are snug- 
ly received in the corresponding grooves 12g of 
the lower housing 12 whereupon the locking pro- 
jections 17f on the bobbin 17 are brought into 

36 fitting engagement with the second guide holes 
14d of the female stator core member 14. 

Subsequently, the male stator core member 15 
of the lower stator core B is placed over the coil 16 
with its claw poles 15a directed downward until one 

40 of the guide holes 15b and one of the cutout 
recesses 15c are held in locking engagement, re- 
spectively, with the locking projection 17e on the 
end flange 17a and the locking projection 17d on 
the mounting portion 17c of the bobbin 17. The 

45 lower stator core B is thus assembled with the 
lower housing 12. In this assembled condition, the 
claw poles 14a of the female stator core member 

14 and the claw poles 15a of the male stator core 
member 15 are circumferential ly spaced at equal 

so angular intervals (30 degrees in the illustrated em- 
bodiment). The locking projections 17d, 17e project 
upwardly beyond the thickness of the material of 
the male stator core member 15. 

Thereafter, the upper stator core A is assem- 

55 bled in which instance the corrugated damper 24 is 
disposed on the male stator core member 15 of the 
lower stator core B. The male stator core member 

15 of the upper stator core A Is placed on the 
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corrugated damper 24' with its claw poles 15a di- 
rected upward. In this instance, one of the guide 
holes 15b of the male stator core member 15 is 
fitted over the locking projection 17e on the bobbin 
17 through the corresponding guide hole 24a of the 
corrugated damper 24, and one of the cutout re- 
cesses 15b is fitted over the locking projection 17d 
of the bobbin 17. The male stator core member 15 
of the upper stator core A is thus positioned ac- 
curately relative to the male stator core member 1 5 
of the lower stator core B. 

Then, with the locking projection 17e facing 
downward, the coil 16 of the upper stator core A is 
placed over the male stator core member 15 in the 
manner same as done with the coil 16 of the lower 
stator core B except that the locking projection 17e 
on the end flange 17a is fitted in the other guide 
hole 15b of the male stator core member 15 which 
is not engaged with the locking projection 17e of 
the bobbin 17 of the lower stator core B, and that 
the locking projection 17d on the mounting portion 
17e of the upper coil 16 is fitted in the other cutout 
recess 15c which is not occupied with the locking 
projection 17d of the lower coil 16. 

Subsequently, the female stator core member 
14 of the upper stator core A is placed over the 
coil 16 with its claw poles 14a directed downward. 
In this instance, the recess 14b and the guide 
holes 14d are kept in alignment with the recessed 
portion 12e of the lower housing 12 and the locking 
projections 17f of the bobbin 17. The upper stator 
core A is thus assembled in the same manner as 
the lower stator core B. In this assembled con- 
dition, the claw poles 15a of the male stator core 
member 15 and the claw poles 14a of the female 
stator core member 14 of the upper stator core A 
are circumferentially spaced at equal intervals (30 
degrees in the illustrated embodiment). The claw 
poles 14a, 15a of the four stator core members 14. 
15, 15 and 14 are circumferentially spaced from 
one another at an angle of 15 degrees. In the 
illustrated embodiment, the female stator core 
member 14 of the upper stator core A and the 
female stator core member 14 of the lower stator 
core B are 45 degrees out-of-phase. 

Then, the rotor 19 is inserted into the stator 
cores A, B with the input end directed forward until 
the input end is received in the baring recess 12c 
of the lower housing 12 with a washer 23 disposed 
between the rotor body 19a and the lower housing 
12. Another washer 23 is fitted over the output end 
of the rotor shaft 19b. 

Subsequently, the support plate 18 is placed 
over the lower housing 12 while keeping the guide 
holes 18f in align ment with the locking projections 
12f of the lower housing 12. In this instance, the 
output end of the rotor shaft 19b is rotatably re- 
ceived in the bearing hole 18a in the support plate 



18 with the pinion 19c projecting from the support 
plate 18. After the first gear 22 is fitted over the 
first support shaft 18b on the support plate 18 to 
mesh the lower internal gear 22a with the pinion 

s 19c, the second gear 21 is fitted over the second 
support shaft 18d on the support plate 18 to place 
the lower gear 21a into meshing engagement with 
the upper gear 22b of the first gear 22. 

Thereafter, the upper housing 1 1 is placed over 

10 the support plate 18 to cover a substantial part of 
the reduction gear 20. In this instance, the mount- 
ing holes 11f of the upper housing 11 are fitted 
over the locking projections !2f on the lower hous- 
ing 12, and the upper gear 21b of the second gear 

75 21 projects from the upper housing 1 1 through the 
circular hole 11a in the upper housing 11. Finally, 
the locking projections 12f are fused by thermal 
welding to thereby join the upper and lower hous- 
ings 11,12. 

20 As is apparent from the foregoing description, 
all the components of the geared stepping motor of 
the invention can be assembled together by merely 
stacking them in succession until the upper and 
lower housings are kept in a superposed condition 

25 ready to thermal welding in which the locking pro- 
jections 12f extend successively through the guide 
holes 18f of the support plate 18 and through the 
mounting holes 11f of the upper housing 11. Such 
a stacked or built-up construction obviates the 

30 need for fasteners such as screws and hence is 
suited for a fully automated assembling. 

Obviously, various minor changes and modi- 
fications of the present invention are possible in the 
light of the above teaching. It is therefore to be 

35 understood that within the scope of the appended 
claims the invention may be practiced otherwise 
than as specifically described. 



40 Claims 

1 . A built-up stepping motor (M) including an upper 
housing (11) having a first internal space, a lower 
housing (12) having a second internal space, a 

45 stator (A, B) disposed between said upper and 
lower housings (11, 12), a rotor (19) rotatably dis- 
posed in said stator and including a rotor body 
(19a) and a rotor shaft (19b) integral with said rotor 
body, characterized by a support plate (18) dis- 

50 posed between said upper and lower housings, 
said stator and said rotor being disposed in said 
second internal space and located between said 
lower housing and said support plate, said lower 
housing having on its bottom a first bearing (12c) 

55 rotatably supporting an end of said rotor shaft, a 
reduction gear (20) disposed in said first internal 
space and held between said support plate and 
said upper housing, said reduction gear including a 
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train of gears (22, 21) which lowers the output 
speed of said rotor shaft, said support plate having 
a plurality of support shafts (18b, 18d) rotatably 
supporting thereon the respective gears of said 
reduction gear, and a second bearing hole (18a) 
rotatably supporting an output end of said rotor 
shaft. 

2. A built-up geared stepping motor according to 
claim 1 wherein said reduction gear (20) includes a 
first gear (22) and a second gear (21) journaled on 
said support shafts (18b, 18d) and held in mesh 
with each other, said output end of said rotor shaft 
(18b) having a pinion (18c) held in mesh with said 
first gear (22). 

3. A built-up stepping motor (M) including a lower 
housing (12) formed of a synthetic resin and having 
an internal space and a plurality of first locking 
projections (12d) disposed in said internal space, 
an upper housing (11) joined with said lower hous- 
ing, a stator (14, 15. 16) disposed in said lower 
housing and composed of a plurality of stator cores 
(A, B) disposed one above another and each in- 
cluding a pair of stator core members (14, 15) and 
a coil (16) disposed between said stator core mem- 
bers, and a rotor (19) rotatably disposed in said 
stator, wherein one of said pair of stator core 
members, said coil and the other of said pair of 
stator core member are stacked successively with- 
in said internal space in the order named to form 
one of said plural stator cores, and subsequently a 
reduction gear (20) and said upper housing are 
assembled successively in a stacked condition in 
the order named, characterized in that said lower 
housing includes a plurality of second locking pro- 
jections (12f) disposed outside said internal space, 
that said upper and lower housings hold there- 
between a support plate (18), that said stator is 
disposed between said lower housing and said 
support plate, that said stator cores have a plurality 
of guide holes (15b, 14d), that said coil has on its 
opposite surfaces a plurality of third locking projec- 
tions (17e, 17f) fitted with said guide holes of said 
stator cores, that said reduction gear is disposed 
between said upper housing and said support plate 
and including a first gear (22) and a second -gear 
(21) held in meshing with said first gear, that said 
upper housing has a plurality of mounting holes 
(1 If) fitted with said second locking projections, 
that said support plate has a plurality of guide 
holes (18f) fitted with said second locking projec- 
tions, and in that said stator cores each composed 
of said pair of core members and said coil are 
stacked one above another in said lower housing 
with said first and second locking projections fitted 
with said guide holes, and subsequently said lock- 
ing projections projecting from said mounting holes 
in said upper holes (11f) are fused to thereby join 
said upper and lower housings. 



4. A built-up stepping motor (M) including an upper 
housing (11), a lower housing (12) cooperating with 
said upper housing to constituting a casing, a sup- 
port plate (18) held between said upper and lower 

s housings, upper and lower stator cores (A, B) dis- 
posed between said support plate and said lower 
housing in laminated condition and being out of 
phase by a predetermined angle, characterized in 
that each of said upper and lower stator core 

w includes a socket-like female stator core member 
(14) having a plurality of first guide holes (14c) and 
a plurality of first claw-like poles (14a), a plug-like 
male stator core member (15) having a plurality of 
second guide holes (15b) and a plurality of second 

15 claw-like poles (15a), and a coil (16) having a 
bobbin (17), said bobbin having a plurality of first 
locking projections (17f) disposed on one of op- 
posite ends of said bobbin and a second locking 
projection (17e) disposed on the opposite end of 

20 said bobbin, second locking projection having a 
height larger than the thickness of the material of 
said male stator core member, said first claw-like 
poles and said second claw-like poles being out of 
phase by a predetermined angle, and in that a 

25 damper (24) is disposed between said upper and 
lower stator cores, said upper and lower stator 
cores are assembled back-to-back with said damp- 
er disposed therebetween, said first and second 
locking projections being fitted with said first and 

30 ' second guide holes, respectively. 

5. A built-up stepping motor according to claim 4 
wherein said damper (24) comprises a corrugated 
damper and has a plurality of guide holes (24a) 
fitted with said second locking projections (17e) of 

35 said upper and lower stator cores. 

6. A built-up stepping motor (M) including a rotor 
(19) disposed between an upper housing (11) and 
a lower housing (12), and a stator (A, B) disposed 
between said upper and lower housings and having 

40 a plurality of terminals .(13), characterized in that 
each said terminals (13) includes an inner portion 
(13b) disposed inside said lower housing, an outer 
portion (13a) projecting from said lower housing 
and an intermediate portion (13c) joining said inner 

46 and outer portions, said inner portion having a 
width larger than that of said outer portion, and in 
that said lower housing having a plurality of 
grooves (12g) receives therein said intermediate 
portions of said terminals, said grooves having a 

so shape complementary in contour to the shape of 
said intermediate portion. 

7. A built-up stepping motor according to claim 6 
wherein said stator includes a plug-like stator core 
member having a plurality of cutout recesses 

55 formed in an outer peripheral edge thereof, and a 
bobbin assembled with said stator core member 
and having a mounting portion on which said termi- 
nals are mounted, said bobbin further having a 
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locking projection adjacent to said mounting portion 
and engaged with one of said cutout recesses, said 
locking projection having a height at least twice as 
large as the thickness of the material of said stator 
core member. 5 

8. A built-up stepping motor including an upper 
housing (11), a lower housing (12), a stator (A, B) 
disposed between said upper and lower housings, 
and a rotor (19) disposed between said upper and 
lower housings, characterized in that said stator is 10 
composed of a pair of superposed stator cores (A, 

B) each including a plug-like male stator core 
member (15) having a plurality of first guide holes 
(15a), a socket-like female stator core member (14) 
and having a plurality of second guide holes (14b, 75 
14d), and a coil (16) disposed between said male 
and female stator core members, said male stator 
core member of one of said pair of stator cores 
and said male stator core member of the other of 
said pair of stator cores being disposed in back-to- 20 
back confrontation, and in that said coil includes a 
bobbin (17), windings (16a) wound around said 
bobbin and a plurality of terminals (13) electrically 
connected with said windings, said bobbin having 
opposite end flanges (17a, 17b) between which 25 
said windings are disposed, one (17a) of said end 
flanges having a mounting portion (17c) carrying 
thereon said terminals and a first locking projection 
(17e) fitted with one of said first guide holes in said 
male stator core member, said first locking projec- 30 
tion having a height at (east twice as large as the 
thickness of the material of said male stator core 
member, the opposite end flange (17b) having at 
least two second locking projections (17f) fitted 
with two of said plural second guide holes (14d), 35 
said second locking projections having a height 
smaller than the thickness of the material of said 
female stator core member. 

9. A built-up stepping motor according to claim 8 
wherein said male stator core member has a cutout 40 
recess (15c) in its outer peripherai edge, said one 

end flange (17a) having a third locking projection 
(17d) disposed adjacent to said mounting portion 
(17c) and fitted with said cutout recess, said third 
locking projection having a height at least twice as 45 
large as the thickness of the material of said male 
stator core member. 

10. A built-up stepping motor (M) including an 
upper housing (11), a lower housing (11b), a sup- 
port plate (18) held between said upper and lower 50 
housings, a stator (A, B) disposed between said 
lower housing and said support plate, and a rotor 

(19) disposed between said lower housing and said 
support plate, characterized in that said rotor (19) 
includes a rotor body (19a) and a rotor shaft (19b) 55 
integral with said rotor body, that a reduction gear 

(20) is disposed between said upper housing and 
said support plate and includes a first gear (22) 



and a second gear (21) held in mesh with said first 
gear, and in that said upper housing has a pair of 
lateral locking projections (11e) disposed on op- 
posite outer surfaces of said upper housing for 
interlocking engagement with guide holes (41) in an 
apparatus (40) to which said stepping motor (M) is 
to be assembled. 

11. A built-up stepping motor according to ciaim 10 
wherein said upper housing (11) has a circular hole 
(11a) extending through a top wall thereof, said 
second gear (21) projecting from said upper hous- 
ing through said circular hole, said upper housing 
further having on its under surface an annular rib 
(11d) extending circumferentially along said circular 
hole for stabilizing rotation of said second gear. 

12. A built-up stepping motor according to claim 10 
wherein said upper housing (11) has a bearing 
portion (18a) rotatably supporting thereon said first 
gear. 

13. A built-up stepping motor according to claim 11 
wherein said rib (11b) has a round guide surface 
held in sliding contact with said first gear. 
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